Introduction
============

Guidelines for hygiene management in dentistry have a long history in Germany. The "Deutscher Arbeitskreis für Hygiene in der Zahnmedizin (DAHZ)" \[the German working group for hygiene in dental medicine\] has developed guidelines to specify the hygienic challenges of dental medicine since 1989. The 8th edition of these guidelines has been published in 2011 \[[@R1]\].

Official recommendations on hygiene requirements in dentistry were published by the Commission of Hospital Hygiene and Infection Prevention at the Robert Koch Institute (KRINKO) in 1998 \[[@R2]\] for the first time and updated in 2006 \[[@R3]\]. For the individual practice, the revised KRINKO guidelines mean an increased work load in terms of reprocessing medical devices, as well as investments in equipment and additional costs. Moreover, ensuring and controlling the drinking water quality in the dental unit's water-conducting system involves a great deal more effort.

In 2003, a survey of dentists in the city of Greifswald, West-Pommerania, Germany was conducted by the Institute of Hygiene and Environmental Medicine, Greifswald to assess hygiene management in dental practices. This present study is a follow-up to the earlier one to analyze whether hygiene management in dental practices in Greifswald has improved since 2003.

Method
======

Hygiene management was assessed using a questionnaire. The survey took place from July 2008 until April 2009. At the time of the survey, there were 35 dental practices in Greifswald, all of which without exception agreed to answer the questionnaire in a personal interview while anonymity was ensured. The survey took 60 to 120 minutes per dental practice.

The following aspects were analyzed: characteristics and profile of the practices, spacial structure, organization concerning hygiene management, staff protection, vaccination, hand hygiene, anamnesis, water safety, reprocessing of medical devices, prosthetic disinfection, reprocessing of the suction unit, method, validation, monitoring and documentation of sterilization of medical equipment, and storage period limits of sterilized material.

Furthermore, the contamination of dental units was examined microbiologically in cooperation with the Public Health Department of the City of Greifswald. For water testing, one water sample from a treatment unit -- determined by the dentist -- was taken from the cooling water system and another from the drinking water. The system was flushed two minutes before sampling in order to prevent confounding results by stagnant and therefore possibly extrinsically contaminated cooling and drinking water. For each sample, 500 ml of water were taken from the handpiece and the drinking water faucet of the unit. The water was examined for the total colony count, *Legionella*spp., and *Pseudomonas aeruginosa*, as described in \[[@R4]\]. The temperature of the water samples was 36°C for all dental units.

Results
=======

Characteristics of the dental practices
---------------------------------------

All dental practices in Greifswald (17 male, 18 female practice owners) participated in the survey. The greatest percentage of the dentists, i.e., 40%, were 41--50 years old. 33 practices were general dental practices, and 15 of those did small surgical interventions. Two practices were specialized in oral surgery and orthodontics.

Organization of the dental practice from a hygienic point of view
-----------------------------------------------------------------

All dental practices worked on the basis of a hygiene plan according to the practical requirements. A risk assessment for medical devices with standard operating procedures for reprocessing existed in 34 practices (97%). 86% of the practices performed reprocessing for uncritical, semicritical and critical medical devices. A skin protection plan existed in 33 practices (33%).

91% of the dentists had complete documentation of the vaccination status of every employee.

An instructional session on the German Ordinance on Biological Agents was held twice a year by 8 practices (23%), once a year by 24 practices (69%) and at longer intervals by 3 practices (9%). 25 (71%) practicing dentists had a contractual commitment with a company doctor for their staff. In 10 practices (28,6%) the employees could choose a company doctor themselves. In most cases, the check-up exam by this doctor was conducted every 3 years.

Spacial structure
-----------------

With one exception, the separation between work clothes and casual wear was upheld. 25 (71%) practices had a reprocessing room and 10 (29%) practices had a reprocessing zone.

Hand hygiene
------------

In 6 (17%) practices, there were communal towels in the bathroom. Whereas soap dispensers existed in every practice, dispensers for hand disinfectants were only found in 18 practices (51%). Bars of soap were provided in 4 (11.4%) practices.

In contrast, there were no bars of soap or communal towels used in the treatment rooms. 5 (14%) practices did not have a sink with a tap which could be used without using the hands. Soap and disinfectant dispensers were present in the treatment rooms of 34 practices.

Before general work preparation, all dentists washed their hands. 32 of them also disinfected them. 21 dentists (60%) washed their hands before treatment, before and after every break, at the end of the work day and after going to the toilet. Pre-treatment hand disinfection was done by 31 (89%) dentists. With the exception of one dentist, all disinfected their hands before and after every break and also after going to the toilet. 32 (91%) disinfected their hands after finishing work for the day.

20 (59%) dentists who practice surgery washed their hands with soap and disinfected them before operating. 15 (41%) disinfected but did not wash their hands with soap prior to that.

Hand-care products were provided in tubes in 25 (71%) practices and in tins in 4 (12%) practices. 5 practices used disposable dispensers, 8 used refillable dispensers, i.e. some used different options at the same time.

The dispensers for soap and hand-care products were cleaned and disinfected before refilling in 22 (63%) practices. 7 (20%) practices cleaned the dispensers but did not disinfect them. 4 (11%) practices disinfected the dispensers without cleaning them beforehand. In 2 (6%) practices, no cleaning or disinfection of the dispensers took place.

Staff protection and vaccination
--------------------------------

18 (51%) dentists continued using the same gloves used in patient treatment. However, the gloves were changed when soiling or damage were visible and after the treatment of risk patients.

Only 26 (74%) dentists wore gloves, a surgical face mask and eye protection during the examination. The protective measures were 85% met in restorative and prosthetic procedures and 91% met in surgical procedures.

There were considerable deficits in the vaccination status: 12 dentists were immunized against varicella and viral influenza, 20 against pertussis, 22 against mumps and measles, 24 against hepatitis A, 33 against hepatitis B, 34 against diphtheria and 35 against tetanus.

Anamnesis
---------

4 (11%) dentists did not conduct a documented anamnesis, and in 10 (29%) dental practices, patients with an increased risk of infection were not given separate appointments. The anameses focussed on questions about endocarditits, regular medication, HIV, diabetes and pregnancy. Information about childhood diseases and diarrhea was neglected. 3 dentists did not ask about tuberculosis, hepatitis or coagulation disorders.

Antisepsis
----------

Here, the result was very revealing because hardly any data were available for the antiseptics used. In 33 (94%) of the dental practices, products based on chlorhexidine were used, and in 10 (29%) ethereal oils were used. In order to support the mechanical removal of plaque, stannous fluoride was used in most cases (22 practices). In 27 practices, chlorhexidine digluconate was used, ethereal oils in 10 practices. Octenidine, a more effective, easier-to-absorb alternative to chlorhexide, was still largely unknown.

Reprocessing
------------

The willingness to participate in further training in this complex field was absent in 8 (23%) dentists. This phenomenon was also reflected in the results of the analysis. In 2 (6%) dental practices, operating instructions and procedures for reprocessing were non-existent. In 7 (20%) practices, no one had been specifically designated as responsible for the reprocessing of the medical devices. 23% of the employees had not participated in a course in reprocessing medical devices since the new RKI guidelines were published. In 7 practices, no validation had occurred after the sterilizers were set up.

8 (23%) practices did not use a chemical indicator for the batch control. 3 of the other practices only ran a control once a day. For monitoring, 24 (68%) practices used a PCD (helix test) with an indicator. It was alarming that 6 (17%) dentists did not know which type of sterilizer they had in their practices. In 2 (6%) practices, sterilization was done in a type N sterilizer, which is obsolete for semicritical medical devices B. 25 (71%) practices had a water-processing system in order to make distilled water for the sterilizer.

The sterilization processes were documented automatically in 23 (66%) practices and manually in 16 (46%) practices, i.e., in two cases, both processes were done parallel. However, only 28 practices monitored all the required sterilization parameters.

The angled handpieces were only reprocessed by 15 (43%) dentists after every patient treated. In 13 (37%) practices, they were reprocessed 2--3 times per day, in 6 (17%) practices only once a day, and in one practice, even less than that. Solely manual reprocessing was done in 14 (40%) practices, 2 of which did not do a final sterilization in autoclaves. 12 (34%) reprocessed handpieces and angled handpieces only mechanically. Both procedures were carried out in 9 (26%) practices.

Without exception, the dental drills were first reprocessed by a drill bath and sterilized afterwards.

34 (97%) practices used disinfectants listed by the German Association for Applied Hygiene (VAH). An instrument bath with a cover was available in all practices, a measuring device in 34 (97%) and an ultrasonic bath in 22 (63%) practices.

The risk classification for medical devices was adequately available in 31 (89%) practices.

31 (89%) dentists disinfected the tube opening of the suction unit and the mouth rinser after every treatment. 34 (97%) dentists used a new suction cannula after every treatment and 30 (86%) flushed the system for 2 minutes after every patient treated.

Microbiological water quality in the dental units
-------------------------------------------------

In the dental units of 27 (77%) practices, a water filter was provided; this was changed regularly in 11 (41%) practices. 22 (63%) practices had a water-filtering system. The water systems were flushed for 2 minutes after every treatment and at the beginning of a work day by all dentists. Only 2 (6%) dentists had a water sample microbiologically examined once a year.

In 10 (29%) practices, the colony count exceeded the official limit for drinking water with an average of 550 CFU/ml. *P. aeruginosa* was detected in 4 practices, in 3 of which these bacteria were found in the cooling water of the turbine. The values ranged between 180 and 200 CFU/100 ml. *Legionella*ssp. was not detected in any of the practices.

Discussion
==========

When comparing the three analyses of the hygiene status in German dental practices from 2002/2003 \[[@R5]\], 2005 \[[@R6]\] and 2009, it can be stated that both hygiene management and hygiene equipment have considerably improved in most cases (Table 1 [(Tab. 1)](#T1){ref-type="fig"}) since 2002/2003. This positive development shows the impact of the KRINKO guidelines \[[@R3]\] and the various efforts made by the Dental Association in order to implement these guidelines. However, there is still potential for optimizing hygiene management, as repeatedly shown in this sample from Greifswald in 2008/2009, which is in accordance with a Germany-wide online survey from 2009 \[[@R6]\].

An instructional session on the German Ordinance on Biological Agents was not held at the stipulated intervals in 3 practices. The fact that one practice did not have any standard operating procedure for the reprocessing of medical devices is not acceptable. Furthermore, the absence of a skin protection plan in 2 practices is an organizational and administrative deficit.

Although providing hand hygiene is not linked to high investments, there are still unacceptable deficiencies, despite the positive development. This applies particularly to the 11% of dentists who do not disinfect their hands before patient treatment (Table 1 [(Tab. 1)](#T1){ref-type="fig"}).

Also, staff protection can be optimized, particularly in terms of vaccination. There were two individuals who were not even vaccinated against hepatitis B, which is simply irresponsible given the danger \[[@R7]\].

In terms of the reprocessing of medical devices, quality management in the practice means assigning responsibility for each step while taking the risk classification of the medical devices into account, defining storage, validation and documentation, and creating a concept for routine monitoring. Here, marked deficiencies still exist.. Small steam sterilizers with sterilization cycle N, still widely used, are only approved for the sterilization of solid (not hollow) unpackaged medical devices.

The handpieces were not reprocessed after every patient treatment, which is intolerable in terms of patient safety (Table 1 [(Tab. 1)](#T1){ref-type="fig"}).

The detection of *P. aeruginosa* in the water-conducting system of the dental unit in 4 practices must be seen critically. Through intensive cleaning and disinfection, drinking-water quality was achieved.

Conclusion
==========

Our study confirms other reports that the KRINKO guidelines for dental practices in 2006 led to substantial improvements in hygiene management. Especially personal standard hygiene measures (e.g., hand disinfection, glove use) and the underlying hygiene management have significantly improved over time. Standards for reprocessing and sterilization of medical equipment that are more technical and cost-intensive have also improved, but are still unsatisfactory. Public criticism questioning the impact of the guidelines and the work of other groups on improving the hygienic safety in dentistry in Germany is substantiated neither by the comparison with the Greifswald study of 2002/2003 nor by other comparable studies.
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